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1
PHASE CHANGE MEMORY APPARATUS

CROSS-REFERENCES TO RELATED PATENT
APPLICATION

The present application claims priority under 35 U.S.C

119(a) to Korean Application No. 10-2009-0042605, filed on
May 15, 2009, 1n the Korean Intellectual Property Office,
which 1s incorporated herein by reference 1n 1ts entirety as set

forth 1n full.

BACKGROUND

1. Technical Field

The present invention relates to a memory apparatus, and
more particularly, to a phase change memory apparatus.

2. Related Art

Generally, a phase change memory apparatus performs a
write verily function that verifies whether or not data has been
correctly stored 1n a memory cell. The write verily function 1s
usually performed as follows. First, logic-high data or logic-
low data are written 1n the memory cell and the data stored 1n
the memory cell 1s read by a verify read function. When the
written data and the read data do not conform to each other,
then data are rewritten 1n the memory cell. Subsequently
another verily read function, which reads the data stored 1n
the memory cell, 1s performed. When the written data and the
read data finally conform to each other, then the write verify
function ends.

The write verity function 1s needed to be performed to store
correct data in the memory cell so that the data can be assured
as being the correct output when performing a normal read
operation. The data stored 1n the memory cell can be output by
using an amplification function of a sense amplifier that dif-
terentially amplifies a current that penetrates through the
memory cell and a reference voltage.

FIG. 1 1s a diagram showing distribution of data that are
stored 1n the memory cell of a conventional phase change
memory apparatus.

Referring now to FIG. 1, 1t can be appreciated that the logic
high data are distributed at an upper side and the logic low
data are distributed at a lower side based on a reference
voltage ‘Vret0’. An area that distinguishes the difference
between the logic high data and the logic low data 1s a sensing,
window. Whether the data stored 1in the memory cell 1s the
logic high or not 1s discriminated by the sensing window as a
sensing margin.

The conventional phase change memory apparatus appro-
priately controls the amount of current penetrating through
the memory cell. That 1s, when performing the write verily
function, the current level of an input signal ‘SAI’ of a sense
amplifier secures the sensing window. However, the input
signal ‘SAI’ of the sense amplifier can adversely 1nfluenced
by fluctuation i1n the process/voltage/temperature (PV'T),
which causes problems 1n reducing the sensing window. As a
result of the sensing window’s uncontrolled reduction can
lead to malfunctions in the phase change memory apparatus.

SUMMARY

A phase change memory apparatus capable of securing a
suificient sensing window 1s described herein.

In one embodiment, a phase change memory apparatus
includes a phase change memory cell and performs a write
verily function. The phase change memory apparatus 1s con-
figured to write first or second level data and when the first
level data are written, performs a verity read function at a first
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voltage, and when the second level data are written, performs
the verity read function at a second voltage.

In another embodiment, a phase change memory apparatus
includes a memory cell, a sense amplifier configured to dii-
ferentially amplity and output a current thatthrough the
memory cell and a comparison voltage and a voltage selecting
unmt configured to selectively provide a first voltage or a
second voltage as a comparison voltage according to data
when performing a verily read function and provides a refer-

ence voltage as the comparison voltage when performing a
normal read function.

These and other features, aspects, and embodiments are
described below 1n the period “Detailed Description.”

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects, and embodiments are described in con-
junction with the attached drawings, 1n which:

FIG. 1 1s a diagram showing distribution of data that are
stored 1n a memory cell of a conventional phase change
memory apparatus;

FIG. 2 1s a diagram schematically showing a configuration
of the phase change memory apparatus according to the
embodiment;

FIG. 3 1s a diagram showing a configuration of an embodi-

ment of a voltage selecting unit of FIG. 2;

FIG. 4 1s a graph showing distribution of data that are
stored 1n a memory cell of a phase change memory apparatus
according to the embodiment; and

FIG. 5 1s a graph showing distribution of data that are
stored 1n the memory cell of the phase change memory appa-
ratus that adopts a multi1 level cell.

DETAILED DESCRIPTION

FIG. 2 1s a diagram schematically showing a configuration
of a phase change memory apparatus according to the
embodiment.

In FIG. 2, a phase change memory apparatus 1 according to
the embodiment can include a memory cell, a column switch
10, a bias transistor 20, a clamping transistor 30, a sense
amplifier 100, and a voltage selecting unit 200.

The memory cell stores data and 1s operated by being
connected to a word line. The column switch 10 1s turned-on
in response to a column selection signal ‘y1’ that 1s enabled to
select a column 1n accordance with a column address.

The bias transistor 20 applies a power supply voltage
‘“VSA’ to a common node ‘A’ 1n response to a biasing signal
‘SAIL’ 1n order to sense the data of the memory cell.

The clamping transistor 30 performs clamping within a
voltage range, suitable to read the data of the memory cell, in
response to the clamping signal ‘clamp’. Specifically, the
clamping transistor 30 performs clamping to a predetermined
voltage lower than a threshold voltage level of a phase change
material that forms the memory cell. The reason for clamping
the predetermined voltage to be lower than a threshold volt-
age level of a phase change material 1s that when the voltage
level 1s at or above the threshold voltage then the phase
change material composing the memory cell can be changed.

When the column selection signal ‘y1’, the biasing signal
‘SAIL’, and the clamping signal ‘clamp’ are enabled in order
to sense the data of the memory cell, a power supply voltage
‘“VSA’ 15 applied to the memory cell, such that the current,
which penetrates through the memory cell, 1s output as the
sense amplifier input signal ‘SAI” from the common node ‘A’
in accordance with the resistance value of the memory cell.
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The column switch 10, the bias transistor 20, and the clamp
transistor 30 are the same as the configuration in the conven-
tional art.

The sense amplifier 100 differentially amplifies the sense
amplifier mput signal ‘SAI’ and the comparison voltage
“Vrel” level and generates an output signal *‘SAQ’.

The voltage selecting unit 200 provides the comparison
voltage ‘Vrel” to the sense amplifier 100. The voltage select-
ing unit 200 can provide one of a first voltage ‘Vrefl’, a
reference voltage ‘Vredi(’, and a second voltage ‘Vrel2’ as
the comparison voltage ‘Vrel” 1n response to data ‘Data’, a
verily read signal ‘“VRD’, and a normal read signal ‘RD’.

The phase change memory apparatus generally performs a
write verily function to confirm whether or not correct data
are stored in the memory cell. In other words, when perform-
ing the write verily, the first level data or the second level data
are written 1n the memory cell and the verily read function 1s
performed to read the data of the memory cell to confirm
whether that the written data conforms to the read data. When
the written data conforms to the read data, the write verify
function 1s completed. When the written data does not con-
torm to the read data are rewritten and then the verifying and
reading functions of the data 1s repeated. The vernily read
signal ‘VRD’ 1s a signal that can be input {from the outside of
the phase change memory apparatus in order to perform the
verily read function.

The voltage selecting unit 200 provides one of the first
voltage and the second voltage ‘Vrefl and Vref2” as the
comparison voltage ‘Vrel” when performing the verity read
function and the reference voltage *Vrell’ 1s provided as the
comparison voltage ‘Vrel” when performing the normal read
function.

Specifically, the voltage selecting unit 200 provides one of
the first voltage and the second voltage ‘Vrefl and Vrel2’ as
the comparison voltage ‘Vrel” when the vernily read signal

VRD’1s enabled. The voltage selecting unit 200 provides the
reference voltage ‘Vrel0” as the comparison voltage ‘Vrel”
when the verily read signal ‘VRD’ 1s disabled and when the
normal read signal ‘RD’ i1s enabled. In addition, when the
verily read signal “VRD’ 1s enabled, the voltage selecting unit
200 provides the first voltage *Vrefl’ to the comparison volt-
age ‘Vrel 1f the data ‘Data’ 1s the first level and the voltage
selecting unit 200 provides the second voltage ‘Vref2’ 1s
provided as the comparison voltage “Vrel” 1f the data ‘Data’ 1s
the second level.

In the embodiment, the first level represents a logic high
and the second level represents a logic low. Further, in the
embodiment, 1t 1s preferable that the first voltage “Vrefl’ 1s a
voltage higher than the reference voltage ‘Vref()’ and the
second voltage ‘Vrel2’ 1s a voltage lower than the reference
voltage ‘Vreld’. The reference voltage ‘Vrell’ 1s a voltage
corresponding to about half that of power supply voltage
‘“VSA’.

Therelore, the sense amplifier 100 receives one of the first
voltage *Vrefl’, the reference voltage *Vrell’, and the second
voltage ‘Vrel2’ as the comparison voltage ‘Vrel’ 1n accor-
dance with the verily read function, the normal read function,
and the data, compares 1t with the sense amplifier input signal
‘SAI’, and performs the differential amplification function.

Referring now to FIG. 3 which 1s a diagram schematically
showing a configuration of an embodiment of the voltage
selecting unit of FIG. 2. In FIG. 3, the voltage selecting unit
200 can include a verily read controller 210, a normal read
controller 220, and an output unit 230. The verily read con-
troller 210 generates a first control signal ‘ctrll’ inresponse to
the verily read signal ‘“VRD’ and the data ‘Data’. When the

verily read signal *VRD’ 1s enabled, the verity read controller
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210 disables the first control signal ‘ctrll’ to low state 1f the
data ‘Data’ 1s the first level and enables the first control signal
‘ctrll’ to a high state 1f the data ‘Data’ 1s the second level. In
FIG. 3, the verity read controller 210 can include a first
NAND gate ND1. The first NAND gate ND1 receives the
verily read signal *VRD’ and the data ‘Data’ and generates the
first control signal ‘ctrll’.

The normal read controller 220 generates a second control
signal ‘ctrl2” 1n response to the verily read signal *VRD’ and
the normal read signal ‘RD’. The normal read controller 220
enables the second control signal ‘ctrl2’ to a low state when
the verily read signal “VRD’ 1s disabled and the normal read
signal ‘R’ 1s enabled. The normal read controller 220 dis-
ables the second control signal ‘ctrl2’ to a high state when the
normal read signal ‘RD’ 1s disabled. In FIG. 3, the normal
read controller 220 can include a first 1inverter IV1 and a
second NAND gate ND2. The first inverter IV1 1nverts the
verily read signal ‘VRD’. The second NAND gate ND2
receives the output of the first mnverter IV1 and the normal
read signal ‘R’ and generates the second control signal
‘ctrl2’.

The output unit 230 provides one of the first voltage
‘“Vrefl’, thereference voltage *Vrell)’, and the second voltage
‘“Vref2’ as the comparison voltage ‘Vrel™ 1n response to the
first and second control signals ‘ctrll and ctrl2’. The output
umt 230 provides the second voltage “Vref2’ as the compari-
son voltage ‘Vrel” when the first control signal ‘ctrll’ 1s
enabled to a high state and the second control signal ‘ctrl2” 1s
disabled to a high state. The output unit 230 provides the first
voltage “Vrell’ as the comparison voltage ‘Vrel” when the
first control signal ‘ctrll’ 1s disabled to low and the second
control signal ‘ctrl2’ 1s disabled to high. The output unit 230
provides the reference voltage ‘Vreld’ as the comparison
voltage ‘Vrel” when the first control signal ‘ctrll’ 1s disabled
to a low state and the second control signal ‘ctrl2” 1s enabled
to a low state.

In FIG. 3, the output unit 230 can include second and third
iverters IV2 and IV3 and first to third pass gates PG1 to PG3.
The second mverter IV2 inverts the first control signal ‘ctrll’
and the third inverter IV3 1nverts the second control signal
‘ctrll’. Whether the first pass gate PG1 1s turned-ON or OFF
1s determined 1n response to the first signal ‘ctrll’ and the
output of the second inverter IV2 to transmit the reference
voltage ‘Vrell’ to the output node B. Whether the second pass
gate PG2 1s turned-ON or OFF 1s determined 1n response to
the second signal ‘ctrl2” and the output of the third inverter
IV3 to transmit the second voltage ‘Vrel2’ to the output node
B. Whether the third pass gate PG3 1s turned-ON or OFF 1s
determined in response to the first signal ‘ctrll’ and the output
ol the second inverter IV2 to transmit the first voltage *Vrefl’
to the output node B.

Therefore, the voltage selecting unit 200 can provide the
first and second voltages ‘Vrefl and Vref2’ to the comparison
voltage “‘Vrel” according to the logic level of the data ‘Data’
when performing the verify read function and can provide the
reference voltage ‘Vrefl’ to the comparison voltage “Vrel”
when performing the normal read function.

The function of the phase change memory apparatus 1
according to the embodiment will be described with reference
to FIGS. 2 and 3.

First, a first data having a first level 1s written 1n the memory
cell. Next, when the verily read signal *“VRD’ 1s enabled, the
voltage selecting unit 200 provides the first voltage ‘Vrefl’ as
the comparison voltage ‘Vretl’. The sense amplifier 100 dif-
terentially amplifies and outputs the sense amplifier input
signal ‘SAI as a current penetrating through the memory cell
and the sense amplifier 100 outputs the comparison voltage
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‘“Vrel” of the first voltage ‘Vrefl’ level. When the output
‘SAQO’ of the sense amplifier 1s not at the first level, a second
data ‘Data’ having the same logic level as the first level and a
higher voltage level than the first data ‘Data’ 1s rewritten in the
memory cell. Then, when the verity read signal *“VRD’ 1s
enabled, the voltage selecting unit 200 provides the first volt-
age ‘Vrell” as the comparison voltage ‘Vrel” and the sense
amplifier 100 differentially amplifies and outputs the sense
amplifier input signal *SAI” and outputs the comparison volt-
age ‘Vrel’ of the first voltage ‘Vrell’ level. When the output
‘SAQO’ of the sense amplifier 100 1s at the first level, the write
verily function ends. When the output ‘SAO’ of the sense
amplifier 100 1s not at the first level, then the steps are
repeated.

Also, a first data of the second level 1s written in the
memory cell. Next, when the verily read signal ‘VRD’ 1s
enabled, the voltage selecting umt 200 provides the second
voltage ‘Vrel2’ as the comparison voltage ‘Vrel’. The sense
amplifier 100 differentially amplifies and outputs the sense
amplifier mput signal ‘SAI’” and the comparison voltage
“Vrel” of the second voltage ‘Vrel2’ level. When the output
‘SAQO’ of the sense amplifier 1s not the second level, the
second data ‘Data’ having the same logic level as the second
level and a lower voltage level than the first data ‘Data’ 1s
rewritten in the memory cell. Then, when the verily read
signal ‘VRD’ 1s enabled, the voltage selecting unit 200 pro-
vides the second voltage ‘Vrel2” as the comparison voltage
‘“Vrel” and the sense amplifier 100 differentially amplifies and
outputs the sense amplifier input signal ‘SAI” and the com-
parison voltage ‘Vrel’ of the second voltage ‘Vrel2’ level.
When the output ‘SAQO’ of the sense amplifier 100 1s at the
second level, the write verily function ends. When the output
‘SAQO’ of the sense amplifier 100 1s not at the second level,
then the steps are repeated.

Thereafter, when the normal read signal ‘RD’ 1s enabled,
the voltage selecting unit 200 outputs the reference voltage
‘“Vrell’ as the comparison voltage ‘Vretl’. Therefore, the
sense amplifier 100 differentially amplifies and outputs the
sense amplifier input signal ‘SAI” and the comparison voltage
‘“Vrel” of the reference voltage “Vrell’ level. Since the data
‘Data’ of the first level are stored 1n the memory cell at the first
voltage ‘Vrefl’ level higher than the reference voltage
‘“Vrell’ and since the second level data “Data’ are stored 1n the
memory cell at the second voltage ‘Vrel2’ level lower than the
reference voltage ‘Vrel0’, then the phase change memory
apparatus 1 with the write vernily function can output the
stable and correct data when performing the normal read
function.

FI1G. 4 15 a graph showing the distribution of data stored in
the memory cell of the phase change memory apparatus
according to the embodiment. In FIG. 4, it can be appreciated
that the first level data are distributed above the first voltage
‘“Vrefl’ and the second level data 1s distributed below the
second voltage *Vrel2’. Therefore, the phase change memory
apparatus 1 according to the embodiment can secure suili-
cient sensing window even when data skew, switching skew,
and PV'T fluctuations occur.

The embodiment representatively describes the single
level cell (SLC) that stores the data 1n the memory cell as ‘1’
or ‘0, but 1t 1s envisioned herein that this technical 1dea of the
embodiment can also be applied to the mult1 level cell. The
multi level cell IMLC) corresponds to the case where the data
of more than 2 bits stored 1n the memory cell 1s formed. For
example, the phase change memory apparatus adopting the
multi level cell (MLC) can store the data ‘0, 0°, 0, 1°, °1, 0°,
‘1, 1’ 1n the memory cell by using the ditference between the
voltage levels. The example 1s shown 1n FIG. 5. In the case of
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6

the phase change memory apparatus adopting the multi level
cell (MLC), three sense amplifiers may be needed for each
memory cell. In order to apply this technical i1dea of the
embodiment, when the write verily function 1s performed
using a plurality of voltages ‘Vref_00, Vrel 01, Vref_10,
Vreinl, Vrein2, and Vrein3d’, the sensing window between
the data of 2 bits 1s suiliciently secured, making it possible to
stably and accurately output data.

While certain embodiments have been described above, it
will be understood that the embodiments described are by
way ol example only. Accordingly, the device and method
described herein should not be limited based on the described
embodiments. Rather, the devices and methods described
herein should only be limited 1n light of the claims that follow
when taken 1n conjunction with the above description and
accompanying drawings.

What 1s claimed 1s:

1. A phase change memory apparatus comprising the
memory cell such that the apparatus 1s configured to perform
a write verily function 1n the memory cell, wherein the phase
change memory apparatus 1s configured to write a first state
level data or a second state level data in the memory cell such
that when the first state level data 1s written, then the appara-
tus 1s configured to perform a verily read function with a first
voltage level, and when the second state level data 1s written,
then the apparatus 1s configured to perform the verity read
function with a second voltage level which has a different
voltage level from the first voltage level.

2. The phase change memory apparatus according to claim
1, wherein the first voltage level i1s higher than a reference
voltage and the second voltage level 1s lower than the refer-
ence voltage.

3. The phase change memory apparatus according to claim
2, wherein the apparatus 1s configured to perform a normal
read function using the reference voltage.

4. A phase change memory apparatus comprising: a phase
change memory cell; a sense amplifier configured to differ-
entially amplity a current that through the memory cell and a
comparison voltage; and a voltage selecting unit configured
to provide a reference voltage as the comparison voltage
when performing a normal read function and to selectively
provide either a first voltage level or a second voltage level
which has a different voltage level from the first voltage level
as the comparison voltage in accordance with data when
performing a verily read function.

5. The phase change memory apparatus according to claim
4, wherein the first voltage level 1s higher than the reference
voltage and the second voltage level 1s lower than the refer-
ence voltage.

6. The phase change memory apparatus according to claim
5, wherein the voltage selecting unit comprises: a verity read
controller configured to generate a first control signal 1n
response to a verily read signal and the data; a normal read
controller configured to generate a second control signal 1n
response to the verily read signal and the normal read signal;
and an output unit configured to output anyone of the first
voltage level, the second voltage level, and the reference
voltage as the comparison voltage 1n response to the first and
second control signals.

7. The phase change memory apparatus according to claim
6, wherein when the verily read signal 1s enabled, then the
verily read controller disables the first control signal 1f the
data 1s at a first state level and enables the first control signal
if the data 1s a second state level.
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8. The phase change memory apparatus according to claim
7, wherein the output unit 1s configured to provide the second
voltage level as the comparison voltage when the first control
signal 1s enabled and to provide the first voltage level as the
comparison voltage when the first control signal 1s disabled.

9. The phase change memory apparatus according to claim
6, wherein the normal read controller disables the second
control signal when the verily read signal 1s enabled, and the
normal read controller enables the second control signal

8

when the verify read signal 1s disabled when the normal read
signal 1s enabled.

10. The phase change memory apparatus according to
claim 9, wherein the output unit provides the reference volt-
age as the comparison voltage when the second control signal
1s enabled.
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